SYSTEM FOR TREATING WOUNDS AND METHOD FOR 
PRODUCING THIS SYSTEM 

The invention relates to a treatment product or system intended for the care of patches of 
necrosis, acute surgical wounds and other types of wounds. 

Two types of wound-treatment products will mainly be considered. 

The products of the first type are natural products and include polysaccharide molecules. 
They are, for example, alginate-based products. The products of this type have intrinsic 
natural properties which are highly effective in treating wounds. 

The products of the second type are synthetic and for this reason have less effective curative 
properties. 

The treatment products, whether natural or synthetic, are generally used as a solution or as a 

gel. 

In the solution state the treatment product is easily applied and distributed over the wound and 
comes into close contact therewith. However, the distribution of the solution is generally not 
uniform and the solution inevitably runs out of the wound even with a protective, sealing 
dressing. 

In the gel state the treatment product can certainly be held more easily on the wound by a 
dressing but does not come into close contact with it. 

Reversible synthetic treatment gels are also known. These gels are known as "reversible'" by 
reason of the fact that they can change state in a reversible manner by passing from the gel 
state to the solution state and vice-versa. This gel/solution reversibility is made possible by 
synthetic macromolecuies forming the product, which have intrinsically reversible 
configurations 
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Such reversibility is of great interest for the treatment of w ounds Indeed, in makes it 
possible, in particular, to apply the treatment product to a wound in the liquid state so that it 
spreads ov er the w ound, conforms to the shape of it and comes into close contact w ith it 
After a setting time the product gels and adheres to the wound without running 

Moreover, the gel close to the w ound can liquify, particularly under the effect of temperature 
In this way the product constantly remains in close contact with the wound even when the 
patient moves or the wound undergoes changes. 

The invention aims to offer a reversible treatment product having properties even better than 
those of known reversible treatment products. 

To this end the invention relates to a natural wound-treatment system, adapted to change state 
in a reversible manner by passing from the gel state to the solution state and vice-versa, having 
polysaccharide macromolecules and aliphatic chains attached to a single polysaccharide 
macromolecule. 

The treatment system of the invention is not only reversible but also has highly effective 
intrinsic natural curative properties. 

Moreover, the treatment system has the intrinsic properties of the aliphatic chains, which are 
of particular interest for the treatment of wounds and vary depending on the length of the 
aliphatic chain. 

By way of example, the treatment products having aliphatic chains with eight carbon atoms 
have the property of inhibiting the division of microorganisms bv "membrane permeation" to 
use the vocabulary of the person skilled in the art. 

The treatment products having aliphatic chains with twelve carbon atoms are indicated for the 
treatment of chronic w ounds in the detersion phase, for example, patches of necrosis 
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The treatment products having aliphatic chains with twenty carbon atoms are indicated for the 
treatment of chronic wounds in the epidermization phase 

For an acute surgical type wound, tor example, the treatment products having aliphatic chains 
with sixteen carbon atoms and or aliphatic chains with twelve carbon atoms are particularly 
indicated because they have biological and bio-adhesion properties making it possible to 
reduce tissue adherence at interfaces. 

Of course, it is possible to attach aliphatic chains of different lengths to polysaccharide 
macromolecules in order to obtain a product with multiple properties and to increase the 
efficacy of the product still further. 

It will be noted at this point that the document EP-0 341 745 discloses a product obtained by 
chemical cross-linking, having polysaccharide macromolecules linked to each other by 
transverse bonds or L 'cross-linking bridges* 1 consisting of aliphatic chains. Each of these 
aliphatic chains links two polysaccharide macromolecules by high-energy chemical bonds. 
This results in the product being in the solid state, or the gel state, and being irreversible. 

The aliphatic chains are advantageously attached by a chemical bond. 

The said chemical bond can be an ionic bond or a covalent bond, for example, an ester bond. 

It is also advantageous for the aliphatic chains attached to a polysaccharide macromolecule to 
be associated - in the gel state - with aliphatic chains attached to at least one other 
polysaccharide macromolecule. 

The aliphatic chains thus constitute hydrocarbonic arms by means of which the 
macromolecules are associated with each other. 

The invention also relates to a method for producing the wound-treatment system discussed 
above, during which polysaccharide macromolecules and aliphatic chains each provided with a 



single attachment group are used and the said polysaccharide macromolecules and the said 
aliphatic chains are brought into contact so as to attach the aliphatic chains to the 
macromolecules 

The invention also relates to a natural wound-treatment system such as that defined above, 
wherein molecules of an active principle are trapped in alveoli of the system in the gel state 

The invention finally relates to a natural wound-treatment system such as that defined above, 
wherein the living cells are trapped in alveoli of the system in the gel state. 

The invention will be better understood with the aid of the following description of different 
embodiments of the wound-treatment system and of different embodiments of the method for 
producing the treatment system, with reference to the attached drawing in which: 

- Figure 1 illustrates three macromolecules of the treatment system in the gel state, according 
to one particular embodiment; 

- Figure 2 illustrates stages of the method for producing the treatment system according to one 
of the embodiments; 

- Figure 3 illustrates the treatment system in which molecules of an active principle are trapped 
before the active principle is released. 

- Figure 4 illustrates the treatment system of Figure 3 during the release of the active principle; 

- Figure 5 illustrates the treatment system in which living cells are trapped before these cells 
are released, and 

- Figure 6 illustrates the treatment system of Figure 5 during release of the cells. 

The wound-treatment system or product comprises polysaccharide macromolecules. !',■, 20. 
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30. in this case alginate macromolecules, and aliphatic chains 1 1-15. 21-24, 3 1-33, in this case 
of the formula C n H 2nM The number of carbon atoms of the aliphatic chains is in this case S 

In the particular example of the description each aliphatic chain 11-15, 2 1-24, 3 1-33 is 
provided with a single attachment group, in this case an ionised amine group XH,\ bv means 
of which it is attached to a single alginate macromolecule 10, 20, 30 by a chemical bond 
consisting of an ionic bond between the ionised amine group XH-," and an ionised carbowlate 
group COO" of the alginate macromolecule. 

The aliphatic chains 11-15, 21-24, 3 1-33 of each macromolecule 10, 20. 30 form 
hydrocarbonic arms which - when the system is in the gel state - are associated with 
hydrocarbonic arms of at least one other neighbouring macromolecule. In Figure 1 it is 
possible to see that the hydrocarbonic arms of each of the macromolecules 10 (20; 30) are 
associated with hydrocarbonic arms of the two other macromolecules 20. 30 (10, 30; 10. 20) 
Each association of hydrocarbonic arms has a number m of hydrocarbonic arms, m being a 
natural number greater than or equal to two. The hydrocarbonic arms 11/21, 
12/22/13, 14/32/15/33, 23/3 1/24 of each association of arms are linked to each other by 
physical bonds consisting of hydrophobic interactions. The alginate macromolecules 10, 20, 
30 are thus associated with each other by means of their hydrocarbonic arms 11-15, 21-24, 
31-33. 

The hydrophobic interactions between the associated arms 11/21, 12/22/13, 14/32/15/33, 
23/3 1/24 of the macromolecules 10, 20. 30 have an energy which is both sufficiently great to 
ensure sufficient strength for the system in the gel state, and sufficiently weak to permit this 
gel to pass into the solution state under the effect of external forces such as the temperature, 
mechanical forces, pH, ionic strength, etc. Moreover, this change of state is reversible. In 
other words, under the effect of external forces, the system can pass from the gel state to the 
solution state by separation of the associated hydrocarbonic arms 1 121, 12/22/13. 
1 4 32/ 1 5 33, 23/3 1/24 and, conversely, from the solution state to the gel state bv association 
of the hydrocarbonic arms 11-15. 21-24. 3 1-33 



In this way it is possible, in particular, to pour the alginate system in the solution state onto the 
w ound to be treated so that it conforms to the shape of the wound and comes into close 
contact with it. After a setting time the system gels and so adheres closely to the wound 
w ithout the risk of running Then under the effect of the ionic strength of the biological tissue 
medium and. or of the pH thereof the alginate gel located in the proximity of the w ound 
liquefies so that in spite of possible mechanical forces (changes in the w ound, movement of the 
patient) the close contact between the treatment system and the wound will always be 
maintained. 

It would also be possible to attach aliphatic chains to the polysaccharide macromolecules, 
which aliphatic chains have six. seven or more than eight carbon atoms, in order to obtain a 
reversible treatment system. 

Moreover, one and the same wound-treatment system could have aliphatic chains of different 
lengths. 

In one variation, the aliphatic chains are attached by covalent bonds, in this case ester bonds, 
as will be explained hereinunder. 

Having described the treatment system of the invention, the method for producing this system 
according to two embodiments will now be described. These two embodiments are the 
following: 

1 ) attachment of aliphatic chains by covalent bond to alginate macromolecules and 

2) attachment of aliphatic chains by ionic bond to alginate macromolecules. 

1 ) Attachment of aliphatic chains bv covalent bond to alginate macromolecules 

W ith reference to Figure 2 an aqueous suspension of alginic acid is used at a level of 2% by 
w eight The suspension includes macromolecules of alginic acid 40 each having a plurality of 
functional carboxylic groups These functional groups include, for the most part, a carboxvlic 
group COOH. and in a small proportion of them, a carboxylate group COO" linked to a 
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sodium ion Na\ 

The suspension is neutralised bv tetrabutyl ammonium hydroxide (TBA OH ) so that the pH is 
7 The tetrabutyl ammonium groups TBA* are substituted for protons of hydrogen H* in the 
functional carboxylic groups of the macromolecules of alginic acid 40 The polysaccharide 
macromolecules 41 thus obtained are those of an ammonium derivative of the alginate 
including highly reactive functional carboxylic groups (COO'TBA"). 

Then, over a period of 24 hours, the macromolecules 41 are placed in a solvent medium, in 
this case dimethyl sulfoxide DMSO, in the presence of molecules 44 of an aliphatic brominated 
derivative of the formula C n H :nM Br. The number n of carbon atoms of the molecules 44 is 
twelve. Each molecule 44 has an aliphatic chain (of the formula C n H 2nM ) and a bromine atom 
(Br) forming a single attachment group of the aliphatic chain. Thus the polysaccharide 
macromolecules 41 are brought into contact with the aliphatic chains 44. 

The molecules 44 of the aliphatic brominated derivative react on the macromolecules 41 of the 
alginate ammonium derivative. Aliphatic chains C n FL nM are substituted for the tetrabutyl 
ammonium groups TBA* of some of the functional groups of the macromolecules 41 of the 
alginate derivative, losing their bromine atom. The level of substitution is of the order of 8%. 
Thus aliphatic chains C n H 2nM are attached to the alginate macromolecules. Each of these 
attached aliphatic chains is linked to a carboxylate group (COO") by a covalent bond, in this 
case an ester bond. The aliphatic chains are each attached to a single alginate macromolecule. 
The macromolecules 42 shown in Figure 2 are obtained. 

Finally the solution is dialysed in the presence of sodium azide (NaN v ) so as to substitute the 
remaining tetrabutyl ammonium groups TBA* of the macromolecules 42 with sodium ions 
NA\ thus losing the ammonium functionality. 

The final reversible alginate system to be used for wound treatment is obtained, including 
alginate macromolecules 43. illustrated in Figure 2, each having about 92° o of functional 
sodium carboxylate groups (of formula COO \a ) and 8°o of functional groups esterified by 



aliphatic chains with twelve carbon atoms (of formula COO-C n H 2n _i). 

2 ) Attachment of aliphatic chains bv an ionic bond to alginate macromolecules 

Two grammes of sodium alginate are used and placed in suspension in a w ater-alcohol 
solution, in this case 140 millilitres of ethanol at 90° o. 

Molecules of aliphatic amine of the formula C n H 2nM NH : are added to the solution. The 
number n of carbon atoms of the aliphatic amine molecules is in this case 12 Each aliphatic 
amine molecule has an aliphatic chain (of formula C n H :nM ) and a single amine group (of 
formula NH 2 ) constituting an attachment group for the aliphatic chain. In solution the amine 
groups of the aliphatic amine molecules ionise by capturing a proton. Thus the attachment 
groups of the aliphatic chains are activated by ionisation. Each aliphatic amine molecule thus 
has a single active attachment group of the formula NH 3 

In the solution the alginate macromolecules are in contact with the ionised aliphatic amine 
molecules. 

The solution is agitated at ambient temperature for 90 minutes. During this time the ionised 
aliphatic amine molecules (C n H 2nM NH 3 T ) react on the alginate macromolecules and are 
substituted for the protons of some carboxylic functional groups of the alginate 
macromolecules. Thus aliphatic chains are attached to the alginate macromolecules by means 
of their active attachment group NH 3 ~ The attached aliphatic chains are each linked to a 
single alginate macromolecule by means of an ionic bond between the attachment group 
(NH 3 ~) and a carboxylate group (COO") of the alginate macromolecule. 

The alginate macromolecules thus obtained therefore have carboxylate groups (COO") some of 
which are linked to a sodium atom (Na ) by an ionic bond, and some of which are linked to an 
aliphatic chain (C n H :n . 1 ) by means of an attachment group (NH/) by an ionic bond 

Washing is then carried out several times in an ethanol solution, then in a dioxane solution and 
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finally in an acetone solution in order to obtain a dry modified alginate which will prov ide a 
reversible alginate gel after dissolution in water 

The use of the treatment system described above for release of an activ e principle will now be 
described 

In the treatment system in the gel state (Figure 3) the alginate macromolecules 5 1-53 are 
associated with each other by means of their mutually associated hydrocarbonic arms By 
reason of these associations betw een macromolecules, the gel structure at the macromolecular 
level is alv eolar, the walls of the alv eoli being formed by mutually associated hydrocarbonic 
arms and by skeletal portions of the alginate macromolecule. The alveoli 54-55, or reservoirs, 
of the system act as traps for other molecules. 

In Figure 3, molecules 60 of an active principle, which are intended to be released at their 
application site, in other words on the wound to be treated 100, are trapped inside alveoli 54- 

55. 

The molecules 60 of the active principle have been introduced into the treatment system in the 
solution state. .After a setting period in suitable conditions the solution is gelled, trapping the 
molecules 60 of the active principle in the alveoli 54-55 of the gel. 

The treatment gel containing the molecules 60 of the active principle applied to the wound 
liquefies in the immediate proximity of the skin under the effect of external forces such as body 
temperature and the ionic strength of the medium. Upon liquefaction the associated arms 
separate from each other. This means that the alveoli 54-55 open, releasing the molecules 60 
of the active principle onto the wound 100 

In one variation (Figure 4), in place of the active principle, living cells 70, animal or vegetable, 
are trapped in the alveoli 71. 72 of the reversible treatment gel These may, for example, be 
cells intended to re-form damaued cartilage 
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In this case the opening of the alveoli 71, 72 for release of the cells 70 could be induced by 
external forces similar to those discussed above (body temperature, ionic strength, mechanical 
forces, etc) and or by internal forces caused by growth of the trapped cells 
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